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Thermochemical treatments, such as pyrolysis, appear as interesting methods for valorizing sewage sludge 
(SS), reducing its volume and producing three product fractions (solid or char, liquid and gas) which could be 
valuable for energy and/or chemical products. Combining pyrolysis with chemical activation of SS with acids 
could enable the use of char as an adsorbent material. Besides, SS contains between 2-4 % of phosphorus (P), 
which makes this residue a potential alternative source of P, currently obtained from a non-renewable source 
(the phosphate rock). P can be recovered from SS by acid extraction2. As chemical activation and P extraction 
show some similarities in the operational conditions, a single acid treatment of SS prior to the pyrolysis process 
could enable both purposes.  
 
A previous work carried out by the authors reported that around 75 % of the initial P (3.1 %) content in SS can 
be extracted by sulfuric acid treatment. Chemical activation of SS with sulfuric acid to produce adsorbents has 
also been studied in the literature. However, to the best of our knowledge there are scarce data about the effect 
of the acid pre-treatment of the SS on the pyrolysis gas and liquid properties. Therefore, the main objective of 
this work is to study the effect of a sulfuric acid pre-treatment on the properties of all the SS pyrolysis products 
in a synergistic process that combines acid pre-treatment (P extraction – SS activation) and subsequent 
pyrolysis of the treated solid.  
 
Sulfuric acid (3 mol·dm-3) was used to extract P and chemically activate SS simultaneously. SS, neither ground 
nor sieved (3-5 mm), was mixed with sulfuric acid at a liquid to solid ratio of 10:1, and magnetically stirred during 
4 h. After the acid extraction-activation, the solid was separated by filtration and washed with distillate water until 
constant pH (~3), recovering three fractions: the treated and washed solid (TSS), the filtered and the washed 
fractions. TSS was later dried during 24 h at 105 ºC. Pyrolysis of SS and TSS was performed at 550 ºC in a 
fixed reactor under N2 atmosphere (0.25 dm3(STP)·min-1) at a heating rate of 8 ºC·min- 1. The yields and the 
main properties of the pyrolysis products were analyzed. The char was characterized by ultimate and proximate 
analysis, higher heating value, metal content by ICP-OES, surface area by N2 and CO2 adsorption isotherms, 
surface functional groups by X-ray photoelectron spectroscopy (XPS) and Fourier transform infrared 
spectroscopy (FTIR). Gas composition was determined by gas chromatography (GC) and the gas heating value 
was calculated from its composition. Pyrolysis liquid was found to be heterogeneous with an organic phase and 
an aqueous phase. Ultimate and proximate analysis, higher heating value, water content, density and chemical 
composition by gas chromatography–mass spectrometry (GC-MS) of the pyrolysis liquid phases were 
measured.  
 
Sulfuric acid pre-treatment prior to pyrolysis slightly modified the adsorptive properties of char under the 
operational conditions studied. Specific surface of char from TSS increased to 170 m2·g-1, compared to char 
obtained from SS (107 m2·g-1). The removal of volatiles during this process resulted in the creation of 
microporosity (0.7-0.8 nm) detectable by CO2 but which is difficult to detect by N2 adsorption. Although acid pre-
treatment reduced the water content of the liquid fractions, the higher heating value did not show differences. 
The nitrogen (N) content of the organic phase remained high (~7 %) despite the acid pre-treatment, which 
hinders the use of this phase as a fuel. Besides, composition of liquid phases was hardly affected by the acid 
pre-treatment. Sulfuric acid treatment gave rise to an increase on the H2S content in the gas fraction, but did not 
provoke significant changes in the S content of the solid and liquid fractions. The SS acid pre-treatment allowed 
P extraction (around 75 %) but hardly improved the char surface area, nor the fuel properties of the pyrolysis 
gas and liquid under the operational conditions analyzed in this study. 
 
  
